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Fig. 1. Geological map of Salm abad based on 1:100,000 geological map of Sarbisheh (Nazari and Salamati, 1999),
modified and redrawn. Location of the study area showing on a simple map of Lut block (Karimpour et al., 2011) with
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Fig. 2. A: View of metamorphosed shale and sandstone in southeast of Sarbisheh, look toward northwest, B and C:
Presence of andesitic lavas on top of tuffs in southeast of Sarbisheh, look toward northeast. D: Lithic tuff with volcanic
glass and band shape in southeast of Sarbisheh,. E: Outcrops of andesitic units in central and northeastern parts of Salm

abad as domes with massive and columnar structure, look toward northeast, F: View of lava and pyroclastics on top of
shale and sandstone in east of Kahnek village, view toward northeast.
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Fig. 3. Petrographic characteristics of Salm abad andesites, A: Porphyric texture with microlitic groundmass, B:
Disequilibrium textures such as sieve in plagioclases and presence of euhedral to subhedral clinopyroxenes, C:
Porphyric texture with vitric microlitic groundmass, subhedral hornblendes and alteration of plagioclase to carbonate in
central part, D: Sieve texture in plagioclase and abundant pyroxene in pyroxene andesites, E: Plagioclase and pyroxene
assemblages and formation of glomeroporphyric texture in pyroxene andesites, F: Microcrystals of olivine with
clinopyroxene in basaltic andesites (all pictures in crossed polarized light). Mineral abbreviations from (Whitney and
Evans, 2010).
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Table 1. Whole rock major (wt.%) and trace element (ppm) composition of the Salm abad volcanic rocks (southeast
of Sarbisheh)

Sample No. M4-3 M1-8 M5-22 M4-18 M1-9 M5-15
Rock type Andesite Andesite Andesite Andesite Andesite Andesite
Sample X 59°51'31" 59°51'55" 59°52'49" 59°50'49" 59°52'59" 59°49'40"
location Y 32°32'19" 32°33'57" 32°33'38" 32°32'47" 32°33'17" 32°33'32"
SiO, 60.9 61.7 61.6 61.8 61.8 61.4
TiO, 0.91 0.86 0.72 0.94 0.9 0.95
Al,O3 16.4 15.7 16.5 16.4 16.8 17.2
FeO, 5.08 5 4.7 5.16 4.89 5.11
MnO 0.08 0.07 0.07 0.07 0.07 0.04
MgO 2.46 2.67 3.16 2.4 1.9 2.58
CaO 4.89 5.1 5.57 4.7 4.53 4.7
Na,O 3.7 2.6 3.6 3.01 3.1 4.1
K,O 2.69 3.43 1.4 2.74 3.08 1.06
P,Os5 0.21 0.19 0.21 0.21 0.21 0.21
LOlI 1.9 2.78 2.47 2.3 2.39 2.51
Total 99.22 100.1 100.02 99.72 99.61 99.4
Mg* 50 54 57 50 45 50
A.R. 1.86 1.82 1.59 1.75 1.82 1.62
\Y 104 81 90 97 86 88
Co 15.7 14.1 16.5 14.6 11.5 10.2
Ni 35 24 69 22 13 29
Zn 61 68 57 68 61 72
Rb 117 122 80.6 115 136 92.6
Sr 360 350 400 350 410 370
Y 253 20.3 19.3 254 27.1 24.1
Zr 256 190 183 266 304 263
Nb 14 11 10 15 15 15
Cs 7.7 6.7 3.9 7.9 9.0 6.0
Ba 390 480 340 400 620 370
Ta 0.5 0.5 0.5 0.6 0.5 0.5
Th 13.5 11.6 9.6 13.5 15.2 13.7
U 2.88 2.34 1.97 2.81 3.03 2.71
Ga 19 17 18 20 21 20
Hf 6 5 5 6 8 7
La 324 26.5 25 32 33.1 31.7
Ce 59.6 50.9 47.0 60.5 64.4 57.9
Pr 6.74 5.57 5.12 6.86 7.20 6.56
Nd 24.9 20.2 18.8 254 26.5 24.8
Sm 4.8 39 35 4.7 5.2 4.8
Eu 1.05 0.88 1.04 1.16 1.15 1.17
Gd 4.69 3.70 3.45 4.64 4.69 476
Tb 0.73 0.55 0.52 0.76 0.78 0.69
Dy 4.40 3.75 3.32 4.66 4.87 422
Ho 0.88 0.70 0.67 0.91 0.95 0.86
Er 2.59 2.19 2.03 2.72 2.80 2.27
Tm 0.34 0.29 0.26 0.35 0.39 0.34
Yb 2.5 2.0 1.8 24 2.6 2.2
Lu 0.40 0.29 0.27 0.39 0.40 0.35
(La/Yb)y 8.74 8.93 9.37 8.99 8.58 9.71
(CelYb)y 6.17 6.58 6.75 6.52 6.41 6.81
(Tb/Yb)y 1.29 1.21 1.27 1.40 1.32 1.38

Eu/Eu* 0.68 0.71 0.92 0.76 0.71 0.75
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Table 1 (continued). Whole rock major (wt.%) and trace element (ppm) composition of the Salm abad volcanic rocks
(southeast of Sarbisheh)

Sample No. M6-7 M4-10 M5-3 M2-11 M3-11
Rock type Px-andesite Px-andesite Px-andesite Basaltic andesite Basaltic andesite
Sample X 59°5123" 59°49'38" 59°51'1" 59°47'44" 59°48'10"
location Y 32°31'38" 32°32'47" 32°32'3" 32°33'3" 32°33'49"
Sio, 60.97 61.8 61.7 54 53.4
TiO, 0.75 0.72 0.88 0.74 0.74
Al,O; 16.9 15.9 16.4 16.6 16.6
FeO, 4.8 4.89 4.97 6.52 6.52
MnO 0.08 0.08 0.08 0.09 0.09
MgO 3.26 3.33 2.79 7.40 7.4
CaoO 5.61 5.34 5.19 7.9 8
Na,O 3.9 3.7 34 3.5 34
K,O 1.84 1.89 2.77 1.5 1.4
P,0Os 0.21 0.21 0.21 0.19 0.19
LOI 1.41 1.63 1.71 2.25 2.26
Total 99.67 99.49 100.02 100.47 99.77
Mg* 57 57 54 70 70
AR. 1.68 1.71 1.80 1.51 1.48
Vv 104 89 101 86 119
Co 18.6 17.1 16.3 13.5 18.1
Ni 72 69 29 28 23
Zn 56 62 66 62 66
Rb 83.6 78.9 125 70.5 99.7
Sr 350 370 360 570 580
Y 20.1 18.2 24.6 17.5 21.7
Zr 185 179 227 177 182
Nb 10 10 13 10 10
Cs 3.6 33 7.9 6.4 5.8
Ba 360 410 430 280 350
Ta 0.5 0.5 0.5 0.5 0.5
Th 6.7 8.9 13.6 8.4 9.4
U 1.93 1.96 2.81 1.97 1.84
Ga 19 17 20 18 17
Hf 4 4 6 4 4
La 25.6 23.8 30.7 224 24
Ce 47.1 43.6 57.9 42.4 46.2
Pr 5.05 4.87 6.40 4.62 5.10
Nd 18.7 18 23.2 17.5 19.4
Sm 3.6 35 4.5 3.1 3.6
Eu 0.94 0.92 1.05 0.9 1.01
Gd 3.43 3.18 4.47 3.20 3.86
Tb 0.50 0.48 0.63 0.50 0.61
Dy 3.48 3.15 4.04 3.17 3.79
Ho 0.70 0.62 0.86 0.66 0.73
Er 2.12 1.88 2.58 1.87 2.26
Tm 0.28 0.27 0.37 0.25 0.32
Yb 2.1 1.8 2.4 1.7 2.2
Lu 0.29 0.25 0.36 0.24 0.31
(La/Yb)y 8.22 8.92 8.63 8.89 7.35
(Cel/Yb)y 5.80 6.27 6.24 6.45 5.43
(Tb/Yb)y 1.05 1.18 1.16 1.30 1.22

Eu/Eu* 0.82 0.84 0.72 0.87 0.83



Yo

.... S8 St GloFim (Lo ol 5 cardyfh s onlidi S

OTAY L) ¥ o less & ol

SIOQ J_blﬁ.a e KQO )‘\)9_03 29 (A—f JLMJ)
9,—d38 jo (LeMaitre, 2002; Helvaci et al., 2009)

Wig @ 3l5 YLy poaliy b agi ok, JIT SIS

Bas Intermediate Acid
15
Ultrabasic Phonalite
@ Andesite
Alkaline H y
Tradhyte W Basaltic
Foidite Trachydacite andesite
— 10 o A U N
?:. tephrite e s 1
= -
— Rhyolite
<, Tepl /
A Basani
< Sk
Z
.
”
= e Lo 2 ]
74 s 52 ? 3
Al & |4z & 8
Pl " <
o
0 4] = , Jubalkalne/Tholelitic
40 50 70

60
Si0,(wt%)

80

BYIF ot sboko abate 2] SleSin o (e
ASTggame og0i 1o LS ol el puiie 9o s FVA L
(Le Bas et al., 1986; Si0; ,ly o (Na,0+K,0)
L ol g cuail sagaza ;o LeMaitre, 2002)

| basalt | basthc: aﬂdeSile/'(’dacite and

| :andesite, /7| rhyolite
d
| ) | o 1
4t o L’ .
l;‘;(\o(\ I /1/ 1 3 \T\L‘
5“°I 1 1 W

I | !
o~ I ! ;
1 jF | I I
:é. | | @ Andesite

| | .
= | M Basaltic
o} ! l/ andesite
R /S

low-K !
NENINEENI NN N RN NN NNENE NN

45 50 55 60 65 70 75
Si0,(Wi%)

(Le Bas et al., 1986; LeMaitre, .l Jolio 0 JLSIT g5 0mme jlogai A 0 o]k dibaie sladiges 5,5 )8 Condge F S
.(LeMaitre, 2002; Helvaci et al., 2009) SiO, Llis ,0 K70 ,lsges 22002) B

Fig. 4. Salm abad samples in A: Total alkalis (Na,0O+K,0) versus SiO, (Le Bas et al., 1986; LeMaitre, 2002), B: K,O
versus SiO, diagrams (LeMaitre, 2002; Helvac et al., 2009).
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Fig. 5. Na,0O+K,0 versus Na,0/K,0 diagram (Takanashi et al., 2011) for Salm abad volcanic rocks. A-B curve shows
border of altered and unaltered rocks (Miyashiro, 1975). Legend is the same as in Fig. 4.
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Fig. 6. A: A.R.-SiO, diagram (Xie et al., 2012), Calc-alkaline, alkaline and peralkaline limits from (Geng et al., 2009)
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Introduction

The area reviewed and studied in this paper is
located 5 km southeast of Sarbisheh city at eastern
border of the Lut block (Jung et al.,, 1983;
Karimpour et al., 2011; Richards et al., 2012) in
eastern Iran between 59° 47’ and 59° 53’ E
longitude and 32°30" and 32°34’ N latitude. The
magmatic activity in the Lut block began in
middle Jurassic (165-162 Ma) and reached its
peak in Tertiary (Jung et al., 1983). Volcanic and
subvolcanic rocks of Tertiary age cover over half
of Lut block with up to 2000 m thickness and
formed due to subduction prior to the collision of
the Arabian and Asian plates (Camp and Griffis,
1982; Tirrul et al., 1983; Berberianet et al., 1982).
Most of magmatic activity in the Lut block
formed in middle Eocene (Karimpour et al., 2011)
The andesitic volcanics were erupted together
with the dacites and rhyodacites during a time
interval of some 50 Ma from early Cretaceous to
early Neogene. It can be assumed that the
intensity of the volcanic activity was varying
significantly during this time span (Jung et al.,
1983).Tertiary volcanic rocks (Eocene-Oligocene
to Pliocene) with intermediate composition
associated with pyroclastic rocks cropped out in
eastern parts of Salmabad village, southeast of
Sarbisheh. The main purpose of this paper is
better understand the tectono-magmatic setting of
the Tertiary volcanic rocks in southeast of
Sarbisheh, eastern Iran based on geochemical
characteristics.

Materials and methods

Eleven samples were analyzed for major elements
by inductively coupled plasma (ICP) technologies
and trace elements were analyzed using

*Corresponding author’s email: ssmohammadi@birjand.ac.ir

inductively coupled plasma mass spectrometry
(ICP-MS), following a lithium
metaborate/tetraborate fusion and nitric acid total
digestion, at the SGS Laboratories, Toronto,
Canada.

Results

In the Salmabad area, Tertiary volcanic rocks with
mainly intermediate (andesitic) composition are
exposed associated with pyroclastic deposits such
as tuff, breccia and agglomerate. Extrusive rocks
include andesite (pyroxene andesite) and basaltic
andesite. Zoning, sieve texture and embayment of
plagioclase phenocrysts and existence of reaction
rims around pyroxenes are evidences for
disequilibrium  conditions  during = magma
crystallization. These rocks have medium to high-
K calc-alkaline nature and show enrichment in
LILE (except for Ba) and depletion of HFSE. The
Salmabad area lavas have 102-155 ppm total REE
and display coherent REE patterns characterized
by enrichment in LREEs relative to HREEs
((La/Yb)n=7.35-9.71; (Ce/Yb)n=5.43-6.81)),
nearly flat HREEs ((Tb/Yb)y=1.05-1.40) and
weak  negative Eu  anomalies  (average
Ew/Eu*=0.78). Geochemical characteristics of the
Salmabad volcanic rocks such as enrichment in
LREEs relative to HREEs in association with
enrichment in LILE and negative anomalies of
Nb, Ti and P show their relation to subduction
zone. The range of Mg’ is 45.1-57.1 for the
Salmabad andesites and 69.8 in basaltic andesite
indicating the involvement of mantle components.
The isotopic compositions (*’Sr/**Sr);=0.7045 and
end(t)=3.1 for the Salmabad andesites point to a
mantle origin.



Journal of Economic Geology

Goodarzi et al. 4

Discussion

Orogenic magmas are defined geochemically as
showing diagnostic Nb-Ta trough and enrichment
in large ion lithophile elements (LILE) such as
Th, Pb, Sr and K in primitive mantle normalized
trace element variation diagrams (Kuscu and
Geneli, 2010). The origin of this kind of
geochemical signature is commonly interpreted as
subduction-related setting (Gill, 2010), in sources
that had undergone mantle wedge metasomatism
(Seghedi et al., 2001) or crustal contamination of
mantle-derived magmas (Harangi et al., 2007).
The andesitic magma in Salmabad area displays
an orogenic signature, i.e., enrichment in LILE
and Th, and relative depletion in Nb, Ti and P.
The dominance of positive eNd(t) values (3.1) for
the studied rocks indicate a mantle origin. High
values of Sr, Th and U in these rocks can be
related to crustal contamination. Thus, the
orogenic signature of these rocks is attributed to
the mantle source, presumably metasomatized by
the Sistan ocean subduction. The trace element
features are consistent with the roles played by
subducted sediments and fluid released from the
subducted slab in magma genesis.
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